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a.) THe TA 1S ee ee 

The user tc computer interface 15 t2e€ anvicih pe ee 
throvgh which the man and Machine soni vot sau eee 
cemmunication flows between the man anc machine in the form 
cf electronic signals, visual stimulation and > 7ess isa 
auditle tones cr patterns. The jct of the intertace is tc 
translate the raw data forms into forms intelligetle by the 
ryerties on either end. The greatest single benefit cf a 
mcedern user interface is the ease with which someone Tay 
eaintully emrplcy the system from his earlest session. The. 
computer comtines the role of instructor ari tool; thew 
interfaces de it transjarently. With appropriate aids the 
macnine can anticipate the nevice’s misunderstanding, and 
offer explanations and euidance; yet accommodate the 
CXeert > impatience ty streamlining Sis" “Trequiescs The 
arility tc do these things is not an innate feat unoea 
exotic state-cf-the-art hardware, tnoush hardware maxes tnem 
rossible. The willingness of the machine to j0 the man’s 
tidding is residert in the design of the man-=macuame 
interface and the software that makes it a reality. 

Unfortunately the human aspects of users, even within a 


narrowly restricted gerour, are diverse ana véerierle. ‘rat 


cuits cne individtal is anathema to tne next. Preferences 


Sood e ew 1ericeicalljemeeema “intellects grow and mature. The 
Manertace GESILMeT Must eccommedete the widest renee of 
Meersce iG @  mwanner a;reeliye to all and condescendine to 
mome, ¢ formidetle task! the pawer cf rodern somvuters is 
meemni1ine to allowsthe desi,ners to fringe tne mecaine utp tc 
man’s cognitive level, lixe never before. Tecrniques and 
equipment are teing combined that ctffer vastly improved? 
means of working, learning and playing. The laser viaeo 
disk player (LVD) is a ~trime example. It is the answer tc 
en interface designer's prayer. The LVD net ecnly offers 
enormous storege, Cut can te interactively ccmputer 
controlled to show selected combinations cf instruction, 
explanation, and examples thet would otherwise reguire a 
dedicated instructor or extensive reference material. It ie 
the perfect medium to store the myriad error messages end 
exrlanations that fpreviously were oe numercus and 
cumbersome to attempt. With well designed lesson material, 
instructicn at the workstation sinply tecomes a matter of 
femeecting the disk, inserting it in the player, then hanging 
mameecr tne ride. An iLVD combined with a ccmputer werk 
Station tecomes a combination library/classrom/office with 
nearly untounded petential. 

ime goal of the project with which this thesis 15 
Meoeecicted iS to desien a Command and Control werksteation 
with off-the-shelf commercial hardware. This thesis 
explcres the triarzpetch of the human-computer interface 


mersuant to that enc. 


=, DESIGN FCR HUMAN-COMPUTER INTERACTION 
It is not enough thet pecple want to use a Somputers 


teeir desire must be <c¢uctained “Gye tee 
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uman-COm: 1 tem 


interfece tefore the mechinewwill gain wide eeceg tance. ee 


Nn 


successful interface makes the user feel comfortatle and 
relaxed while doling *%isS job, end is faster and mere accurane 
then ccnventional methods. A typicel user will not Sia 
hic cr her normal work habits t9 use€ a2 Rew Com Wem 
it is easy te learn and simple to use. Given avencicem 
users Tust perceive vast imprevement over old methods before 
they will seriously consider the change. A Ji ties 
improvement is not worth the effcrt to change extabdlished 
metheds. 

The new generation of computers from APPLE, i.e. LISA 
and MACINTOSH, are exiting, relatively inexpensive exemples 
of just wnat is pessible in a modern interface [Ref. 1]% 
The dramatically new interface using icens end ctject 
oriented dialog atpears to be attracting treviously 
disinterested people to COMpUnte TS: Accepytence emene 
traditional computer users has teen slower, larzvely tecause 
the new interface 15 unconventional, end they ere resistem 
tc chenye. 

Some display interfaces are easier to learn than otners. 
Interface software complexity increases repidly Wiehe oes 
friend li vesse An interface that appears ‘simjle Tas<s 
internel detail and complexity. The software rinning berind 


it is nandling the minutiae farmerly lett 2oethew ew Diet 


1g 


tre ease cf use of some of the cetter systems will jay for 
itself many times cver je reducea trainiae  cests end 
increased operaticnal Siete 1 ne wae lta be) coc S1 CLG 12 
cave a few thneusand Gcllars ter system in the jprecuremen 

meooess Cnly t0 spend ten times Ueto in. tTeCcurrins 
f@eeroing ccsts. 

In this thesis the three tasic parts of human-ccnputer 
mereracticn: WSeErsuOT>CoOmMLULeET esommunication; computer-to- 
user communication; and The dialog, tetween the two are 
examined in some Aes Peo here decteneds to ne sE 
students new to UNIX 1s cropcsec. it jommane overlay, Urat 
works in conjunction HUTT ee Oven iG rtace Ci weenet <6 
Conclusions Yregarding the human-computer interface and 


future improvements are discussed last. 
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Ll. COMPUTER TO USr2 COMMUNIS2TION 


——e ie ee ee ee oe ~~ — — ewe me le el ee - 


The computer communicates 0 TheGU—S = gauee Cute 
devices. A typicel computer worse Station has one cr "ems 
CRT (catnode ray tute; screens and access to a printens 
OTines Output devises are rossicle, includink vous. 
Synthesizers and cther specialized haré@wWwaré. 4 prin tere 
be fart cf the installation, but printers  e@remusgeuee, 
centrally Iccated to te sheared “with octhers. 2efore seeame 
tecame the accepted interface medium, printers were. how 
they ere used aS copy machines: to cttain CoLiesmimen 
intermediate and finel results. 

Auditle tells or tones are used te sound fault alarms, 
Or t2 warn cf illegal crperations. Frequently, the aud ici 
is felt tc te an annoyence ty the user conmiunens 

Voice input i¢ an emerging tecanology, with nigh Sprieeee 
and low performance, tut the cost to perfcrmance ratio is 
IMT revias as fTesearcn Vrrog resco Tre qifificuir, of 
extracting meaning trom spoken words end of joinin,; sotnds 
to forr understandatle words takes suatstantial macnine 
resources and time. That edditicnal processing slowsu 
Clalog between user and macnine telow a comfortekie 
thresnold. Computer vecatularies are small, ranging from a 
sew words tc two to three hundred words. 

Voice recognition is used as a Security cneck. Ss ,e62cun 


synthesis 15 @lso a major research area. Inexpensive s;Eeecn 


12 


Eymme ois Ticrechips’ nave allowed tne cajatility tc te used 
in several electroniz toys. ieee vous m™eis still too 
mechanical and artiticiel scundin, to te used in 2 -énerel 
memo sce interface. There is eae trémendoys future for voice 


Met anc cutput when 10 becomes cost effettive. 


Sweeeihe PRYSICAL MEDIUM 
tiemen. S°“Teenmmis “Gee i colttunmicetiorm interface. The 
informetica displeyed there must te timely, accurate, 


Miliewutl, andsconecisce. It 16 here thet the computer must 


= 


eo 


=) 


cnden es much infcrmaticn as possible to keep the user 


in 
Mm 


mere rmed about his current status, the status of his active 
nous , and any other jertinent system information and 
messages. 

Siete nces COU eMar TOUS MonOCOmOomMeesecTreens ;nOSTnOrs sare 
Teny and varied. Personnel j;,reference is the determining 
mmo tor fOr which is best. All monccnrome combinations 
(emcer teat, dark backgercund;, green text, dark tackercund; 
waite text, dark backercund; and reverse video ccmtinations) 
mmemereavequaete, though the lired ceckzroini cr full screen 
meverse vicec way te less ccmfcrtatle to use on text 
merented raster scan displays. Ine most annoying distractors 
ere reflected glare and mnisadjusted trightness and cecntrast. 
Pee toese can usually be controlled by tre informed user. 
Means shoula te incorporated in the terminel initialization 


Sequence so the user can set his ,refererces. 


Color monitcr Screens vresent aad gwen Lrctlense 
There ce def ieee CCieer cOmbinaticns §that "\Sneduee 
remarkably uncomfortable visuel Sensations (ereen text One 
tright crane tackground is cne}. Desi.mers must Pema 
aware cf the vision function of acccmmodation ana teke rains 
not te inflict ewkward comtinaticns on unrsusSpectin=@ ease 
Ideally, the user should te atle to select ris own preferred 
cclor ccmbinaticns, then tne designers prerlem 15 Juste 
of providing tse flexitility to ac so. Petaulteicceee 


cortinetions snould te comrertet lomo se. 


ES Lib eesGre alse LAY ee osiveee 

There ere two screen display fcrmats used in yseneral 
Lurpose interactive wcrkstations, vector drawing and raster. 
scan. Tyo versions of each are widely used. 

4 refreshed vector drawing display nas nixvh resolute 
but has teen restricted tc use primarily in ¢efapeiiee 
applications, wnere its special features are required. Tt 
is considerably more expensive than tne same size rester 
display. Tae vector drawing display cuncuae is line 
drawings. It draws true circles and diaszdnal lines, beCaagse 
€ech line is a continuous stroke of the electron teem. The 
nmumter of displayed segments is limited by the team drawing 
speed, screen refresh rete, and amount of storage dedicated 
Lew, GreaO mS). The maximum numter or displa;yeatile vectors is 
fixed, which is the primary shortcoming of refreshed Veuues 


Grawing adispléeys. Vectcr drewn display text 1s Very esac 


meee ce use weach better is a gombination of strokes the 
mur rer of eaereglGne is) iimited. Somsequec tly, text 
included on a2 screen frame re;iily depletes the numcer er 
vectors availatle tc draw figures. Eecause cf this cal; 
Special jurpose workstetioas have vector Bt en sl C20) 
Screens. CAD \ccmputer aided design) workstations tyriceally 
Mee a vectcr distrlay for drafting and drawing functions. 

iMmemoccecud Version ci vectcr drawn display, the LVST 
(direct view storege tube), eliminates tne screen refresh. 
rence it is much less expensive. DVETS are not satisfactory 
general purpose workstation display surfaces because partial 
screen erasure is not possitle, and writing speeds tend to 
Memecsliow. CV5le¢ are excellent adjunct graphic displays for 
line drawings and text. Improvements and cost reducticns in. 
raster display technology have relegatea OVSTS to a Support 
mee entirely. 

Poeetmrst Kind of Faster scan display i¢ text oriented. 
The screen is nominally divided into <4 lines of 8&2 
@feracters eacn. Screen area net contained in that yattern 
is not addressable. NeeterCtameunemeneracber pesitions 1s 
fmeere Sssable and may ccntain any prictatle czaracter. Les 
Streen is opest used to display text. The mein advantage cf 
this diszplay is cost; it is the least exzpenrsive tc produce. 
peeeeccoreen buffer need crly be 2k bytes. It is possiodle to 
Gemmemetuwo Or three screen tuffers to allow raz,pid screen 
Mmeernee Of,erations, even at low data transfer rates. Low 


memecen resolution, which results in poor qtality g,«rapnics, 


ro 
Csi 


is this displays main disedvantase. Ccntrived Caruana 
-Ta-hing are possisnle, as 15 ¢rude curves ula momma 

The second kind of raster screen display 9 is) H1¢wgeeeeee 
“eit-mapped or ‘dot addressable’. On this Gis lave 
smallest addressatle screen position iS kKnewr as a j;ixel 
e210 tuce sLetent). The vphysicel $1ze of a pix] 
determined ty the physical ccenstruction cf the GR] arcu 
Signal handling s,peed of the amplifiers that controle 
€electrcn teem. Very high quality, tut expensive, "El t-mepmen 
color displays of ap t9 10924 x iv24 fixels are tage 
Moncchrome cisztleys cen te had up to 2848 x 2848 Pixedwiee 
Though Tore expensive ther text oriented raster scan 
diszpla;s, the tit-mar,ed display is the distley of ieee 
fer a cCorruter terminal OTF work Station. etme tee graphics. 


mcde it dces suffer frem eliasiaw , the Stat pueeeereuee 


étpearance cof diazonal lines and edges of circles. but 


sScttware, end now herdware, smcothing tecnniques cen 
GRinimiz2e that effect for all but the mst ~~ Srijtieeee 
seep rest Oko. The bit-maepped displey dses § redurre a 


sutstantially larger screen cr frame tuifer (a Merzaly remus 
the case cof the 1024 x 1224 screen). But rapidly fate 
memory prices have helped to mitizate that cisadventae. 

The raster scan formet cffers the most flexicility —waeee 
the fewest restricticns ine  eneral purpose worktstatiaae 
The preferred raster displey is cit-mMa,ped. The works taviee 
toat uses eraphic communiceticn techriques Si cue 


equiz;ped witne a high resoluticn bit-marped raster scan 


ie 


geretl2;. MimeecceVldesmeox ce | lent Charecter definition, good 


mee somhewin  teeltumes anc exenplary text lezitility,. 


Porc Screens ere arfantnco like @ pa per page. The 
Pomme ot tre Mare 15 at 8the upper left corner. The 
meet lsS from lert to fTleAt, bop to tottom. Only one 
Mureewemror, ;Ortion O71 a2 Lage is disztlayed. Tnat standeri 
layout has served well and will continue to do so. One 
dicplay line is reserved for macnine messages. Thus if tne 
screen dis;lays <4 lines, <3 may te used to displey text. 

The protler witn the single sneet of paper ,Ler Screen 15 
that it does oot cffer a large enough desktop , or worxing 
Space. Few pecple work with just a sin,jle sneet cf parer. 
Oefore them. fven the most rapid paging or scrolling screen 
is not adequate for reviewlin, material not included cn the 
meee nt Screen. The root of the zrroblem rests in the frailty 
Smenomen Short term memory. That Skortcoming will arise 
meequentiy in the design considerations of a Numan computer 
Interfsce. When the context of interest iS iost tecause of 
Chenzit, the screen ccntents, all tut e2 few tasic facts 
eeu, the previous screen are 2zcne tcoo. The soluticn to tnis 
mmeeclem ilies in tpreservin; some cr all cf tne previcus 
context when the user must chanse screens t9 see ocotner 
fre rmation. 


One answer has teen to partition the ChTt screen intc 


Several non-overlaj;,ping zones. tach zone is reserved for a 


perticular type of informetion. One “izht dis pie, sta eee 
of. operation, One 3o harem. reserved arée for eran 
Tessages, another the title of the current {ite > oe eee 
xxx illustrates a typical screé@n layoui Si ee 
zones remain on the screen, when the disz-lay chan-=esS, Gree 
User Chadtees Weate l= 1s aera 

"S;lit-sctreen is enother versicn of screen zones. In 
this mcde the CAT screen is divided into two creme 
distinct areas. Hath area may contain something different. 
Two or more files may te displayed simultaneously. Two yarts 
cf the same file may te shown juxtaposed, to seve the user 
from scrclling tack and forth .and forgetting tetween, sae 
-reooler with s;lit screen cGperatiors 1S that the Gigi 
Shewn ¢n each porticn cf the screen 1s reduced, ci ee making 
it difficult, to setGain tne seen eae 

“Windowing displays are currently feshicnatle. They 
are a trick way of getting mcre surface area from a Sige 
size screen. They are similar to the previcusly destmiggeg 
zones; but are temporary, relocatable, and may overle;y. Trey 
atpeear onl, when requested ty the user, therety saving 
screen space. windows cverley ana tertially octcscurewuee 
previous screen contents; tut may te movei ty the user te 
“uncover an area. The currently active window is dispiamem 
cn tcc cr what ap,-esers to te a Stack cf peeves Cn the ScCreeae 
On most windowing systems individual window size and shee 
MG OR ST este cic oe eld Cws 2zllcw addi tiomem 


information to be availetle tc view at tne user's request, 
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Pole meeroeGce ryt. the Sereen contents. The rechenism of the 


request car te any cf several pcpular methcds. 


Meet INTRLiGsCTUAL LeVal 


t-! 


fies imcelicctUdal level of racnine-to-user communi céeticn 
has histcrically teen biased toward tre macnine. Innerent 
mechine limitations and meayver sardware rescrrces dictated a 
Memes tereshold. Karly interactive systems res;onded with an 
MUnblickine Stere to almost all user input. The only clue 
that his jot or command had teen received and understood was 
another ready promyt - a symccl appearei on the screer 
Mmomryin,. the usé€r thet additicnral input sould te accerted. 
Mistakes in the input often meant no response of any kind. 
eer isinely, Many popular systems still offer only tnat- 
emematic stare, UNIX for one. 

The intellectuel level eat the intertace has riser 
Gapraly with increasing microcorputer pover and decreasing 
Meraware costs. estes Ca oo S Storege and modern 
techrigques nave solved the tormrer nardware deficiencies. 
Merdwace 15 no longer the major Llimitetion. The emphasis for 
Mepooved perfcrmance w#asS not directed to imzroving the 
Meoerface uotil very recently. whole Crus Genrrel 
Processing Units) are dedicated to Screen management and 
Mapu t-oOutput; cut the mMachine-tc-user communication rereins 
meee seme, with the exception of rcre accurate error and 


moet 6S ONdition reporting. 


“Many of the faults with tne intertece 220 fe feos eee 
practices and pre 7e@urcs mar er tesan in the early Geyer 
Surprisingly, rany tatch ,;recessing [roce? ives sapere ome 
interactive CO Pu.t 1 nee For Ex apige:: every conL_Liten 
proyvrairrirnrg language oecpular today wes desizpgred for a |e 
Lrocessin, environrent, being separately scorviled, Poagem 


ne rue 


Oo 


The move away from the tlénk stare mode tegan scon aie 
the advent cr interactive ccmiuting. It did not receive 
much attention until the micrccemputer explcsion Caused ima 
cor puter to Trove from the laboratory into cefi recess 
Computers tegan to te called ipon to do Useful worl 
redigat ime. Ine clamor for user friendliness began. Many 
ideas heve been tried and discarded. Those that have worked 
nave aprealed to the user’s jhysiological, :~psycholobicams 
cognitive and intellectual needs. 

The semantic level at the interface nas moved from the 
cits to tytes (com,uter words, language characters) eae 
ecmmand words, to clumped ccmmands, and final) eee 
metaphoric level. (Ref. <<] The metaphor is a model that 


selectively comtines ell the useful and prectical” teams 


iD 


of computer interface design and iintezrates thei tee 
cohesive packege that emulates a familier environment. All 
availatle computer functions are masked tehind a medel of 
the ezrlication it is intended to serve. the user seesmenme 


terms, functicns and methcds with which he is familia meee 


cewildering and intimidating world of Utne computer sctermae 
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is ecmeoretely, = nidder. The ideas that ,-rew into the 
Meer neGrloermtertace® Oricinatec with the ~Lion=eriny wors of 
fee hay end his  eroup et YsrOX PARC with SMALLTAL* eri 
DynatookK. Several commercial jzroducts are ising tcese 
merece, tS, amone them <Acrox STAR, Dolphin, ani toredo; end 
Meroe Ss LISA and@MACINTOSE [Ref. 1) (Ref. 2]. This interface 
More ueerly emulates a conventional deskto;. ‘Everything on 
the screen is treated as a  jhysical entity, havine an 
identity and occupying Space. the keyboard is used cnly fer 
text entry. A pointing device mouse) is uSed to manipulate 
the otjects. The transletion is $0 complete and the 
implementation so naturel that cGmparatively little effort 
is required to use the system. This object based display 
mermat is 2 paradigm of ccmputer-to-user csommunicetion nee. 
mee Ce COre)6©alCUStarting©)6«6point for all new machines. The 
metaphcr can te modified to meet tne needs of many 
Seeptvations and applications, changing the nature of tne 
som,uter from special purpose mMechine to egenerel purpose 
ene |. The keytoard is the final hurdle tc widespread 
Somruter accertance. Its elimination as tone jzrimary means 
om entering®text and deta will mark the tezinninz- of én ere 
that will see computers tecome as ubdviquitous as televisions 


ard telephones. 


eek COMPUTER SPEAS 
NOt every computer interfece designed now will emulate 


Maes metaphcric fperadi.m. Designers must endeavor to Keer 


eu 


the level cf corputer-tc-user cormunicaticn as clos cmc 
human domain es “=possibiies ivery ex,;ert agrees thatete 
machine must respond as quicxly aS pcCssiDle (cess ee 
reguest. If it l¢ tunacle to respori “in less than Gane some 
seconds, then it shculd notify tne user tuat there wi ieee 
chort deley, and give an d4azpzrroximate time to com levine 
tRef. Z|]. If the precessing will take a leé7= “time Siene 
tertial results cfcan be displayed, tnen the machine shoagld 
regin responding as soon as it can with intermediate outiee 
The time limit of one to two secords is a rule of thumb see 
fits well with human cc,enitive processes to maintain tne 
user’s train of thought (Ref. 4]. Every utterance made by 
the machine must te self-explanatory. Here utterance means 
“any computer-to-user communication . Cues prompting for 
input should, at the user’s discreticn, display the gems 
(syntax) and options of the expected command. That nelrs 
the user twe weys. First, it helps him rememter the command, 
reinfcrecine Eis Knowledge atout it. Second, it reducesma 
trcetatility cf mistakes. Ideally the computer will] di spiee 
the command line, and the user can fill just tiem thane 
Sséving extra typing. As the user becomes mere contiden tans 
experienced he can snift to a mecre independent mede. 

A machine initiated mode of control relies on the |i ome 
and sutetance cf machine communication. I[2e Machine eae 
eontrols thre dialeg options in this mode; cut It ecauaa 
appear tc be in contrel. The user is free tc Select wom 


1ist of oc,tions Made evailaclo 30 ee Machines The 


ete 


restricticns jplaced on user action ty tnis mode reduce the 
meeonuuiatyetor error; both in rumber and ty,e. Ncvice, 
meexperienced, rusned, and careless users all tenefit from 
this feature. [It also has dlsadvantages. mee 2S ISuelly 
Bmewesr, tecause the user must scan Lists of,  ~ossitly 
Oerariliar, options and mMaxe selecticns. The selectior 
mMecranisr adds to tne overnead of tne chosen ocLeraticn. 
ies) mode 15 More cumbersome to use, because the ccntroeol 
path is predetermined, and shortcuts are not easy, pernayps 
Moree Oossibtle. It will affect user flexitility, tecause tne 
commands and ortions offered will tend t0 be yveneral 
muepose. ThiS Wode is preferrei for casual or inexperienced 
users primarily interested in acccmplishing the task at 

meme lt cCamalsc te useful in system tutorials for new. 
ysers. 

Machines that de nct nave a state of the art user 
interface are not naorseless; but they do need nelp. A 
SCcitware interface peckéeége can tbe overleyed upcn the 
Oyeerating system. ieee cC s lOlmmae Vetmoel yet tect as 7s tem 
performance teécause it will te active only when the syster 
ome tween modes. It will take Space and ¢lew parts of toe 
present system. The idé€e is to display ments, soft truttcns 
ema pull-down windows on the screen. Tne display contents 
ere cues te user choices. For instance, a computer user 
emeects to he able to loca tnrougn nis files; write, edit, 
complle and run programs; Compose and edit dccuments;, ccry 


progrars and documents (electronically anda ,trinted); and get 


Zo 


on and off the system. Regardless of wvhether the eysuam 
cemmands tedc these things eré eesy tc learn end remempene 
the new user is unlia«ely to snow tne csdOrréest 2ommanueee 
therefore is unable tc use tne system. Yet he Knows what ne 
wants to do and now to do it manuelly. cre 1S “missin eee 
key tc unlock the power ot the recnine. fhe Claim ise 
srnould not need specific knowledze about tne machine, or the 
operating system te use it. The user is normally not 
interested in processing details, only in getting disie 
done. He should not be burdened with ccempiter-spocieam 
details. The machine is supposed tc make nis jot easier. In 
fact, present ccemputers adda layer of somplexity to Mmoce 
AGS. 

The interface overlay easiest to implement is “memem 
driven. It can ce enhanced to a full fledged meta chou 
interface if the machine is sufficiently fast and has the 
resources. A pick device (mouse) is preferred; weutuage 
essential. Tne pick decreases reliance 3n the ke; Uaaiae 
Cecreasing user apprehensicn. All menu selections Serpe 
lateled witn generic terms, recosnizatle by a troad range of 
users. The specific system is hidden cy tre functional Mask 
of the interface, directly embdedying tne first Perras” 
urincizyle of information hiding [Rer. &). The overlay meee 
not, in fact must not, te static. A static interitace yeu 
necessarily ce sléented toward a specific user serous 
increase the user dcmain, tlexi bi ie is essential. 


Instructional messages intended for a novice cause annoyance 


5 
he 


Gmamimeatience in Experts. Ine same tlexitility should also 
Soe the E€Xpert tG call orf available aids, if ue so 
meerges., Though the Mechine controls tne numter end tybe cf 


ecmmands allowed the user is ¢till in command. 


Pee OnS 


bat 


moron adidline=and reporting 15 tne most crucial facet 
meme n—-to-teshine communication. [It is easy to inspire user 
SBentidence and calm when everytning if vorking correctly. 
The test cf an interfece 15 how sracefully it behaves wher 
something 2gces wrone. The classes cf errors are defined for 
the typical compyter system. Some more exotic error 
treatments will te toucked on afterwards. Three classes of 
errors are readily definaole: superficial, récoveraols, and- 
fatal. 
1. srrer Types and Remedies 
Superficial errors are caused ty user carelessness 
or confusion. They include typographical mristaxes, mistaxen 
Bemeectlc’1s, and cut of sequence actions. Taney are easily 
detectatle and correctable, in nNost cases. PyvcoOeTs peical 
errors may te caught ty either the user cr the machine. 
Mistexen selections are léxal cperations, out net the cne 
the user intended. The onus iS On tne user tc ccrrect the 
Situation, out the system cen help by allowing the user to 
Q@Ylt an cperation cr sequence at any intermediate foint. 
Mee of: Sequence actions 9o2¢c¢ur when a user fails ts d¢ a 


necessary intermediate step. HOLT  l1nsueqdce, ne tries te 


execute a source file witacut first Soemp ip ee 
error is jreventatle, Eut the desi-pnercwes incde@mge 
explicit features t9 do $0. ‘They must try Vemant ema 
uSEr ae t Vense pRewid tre 2,--rcLrieve renminders amd 
~rcecedures tnat illustrate the proper Sequence. “TY taemmeem 
learns ty his Tistakes he 15 less lixely to commit tie 0g 
CRGes tw icen 

mnecoveratle errors are nct discovered wuntil “elegans 
the fact, tut may be undone oy Some Means tc get Leck )iememme 
Starting ccndition. This is a much larger Class of \omoieeee 
and requires more ambitious methods to fix. Tne metnods 
usually involve restoring werds, lines, or small files (igi 
were erroneously cranged Om deleted. Ine rec ovens 
technigqtes involve ‘intermecrate  taca-upe Small entities 
lixe words and snort filés can be temtorarily saved ee 
ruffer until the proper result is cconfirred. The storage 
cverneed is not unduly expensive, relative to the confiience 
tre atility tc undo the operaticn instills 11% 4th Sete 
Larger files san be backed up on disk or te,-&, Out tneuieen 
must usually teke cvert acticn tc de sc. A small c¢lascuiay 
tuncticns may be inverted, i.e. Tun Cackwards,  tompe meee 
tne input from the results, tut theteis ansexncenGneers 

Tre final class, fetel errors, are ncen-recoverauien 
or ere so difficult to reccver trem that 1t 15 Nct wor Ga 
exzense. Tnese errors must eitner be preventec, cr the Wisem 
warned of the sonsequences tefore they ere executed. for 


examtle: a user decides to delete tre Entire contents of a 


dire:tory, and imprudently uses the command ‘delete *.%*" 
Pearle realizinde Ne 15 not in the directory he intended tc 
delete. The command is legal and tne syste will execute it. 
The system desi,;ner must have anticipeted this sitcation end 
Mmiepcuaded a mreascure of protection. Womewarnt tne uUuseretse 
eyeewem Should respond with a message similer tc: 

“WARNING, Jelete *.¥* will delete all files in direc- 

rory : 

<directory name> 


Sorrirr intentions ty ~ressing the left mouse cutton. 
Press the right mouse Cutton to atandcn command. 


mere <directomy name> iS the current directory. This zives 
the user en cpportunity to ponder his action and reinforce 
Sue abcrt nis decision (and save himself consideratle 
Bec ie ty). 

Another type of fatal error is caused by hardware 
failures. These errors are becoming less common, tut czar te 
Memme-stOppers when they do cccur. The only remedy for this 
ems iS a coOrprenmensive tack-uL prceram, exrert technical 
Pepe rt erd a dose of ,<ood fortune. 


oe 
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The ideel response, in most cases, iS no overt 
response to the error condition at all. Tne mécnine knows 
what the user intended (tased on the context in which it 
occurred and tecause the suspect word nearly matches, or is 


an alies for, a known word) end carries out zis request, 


ignoring tne user’s misspelling or command synonym. A modern 


rath 


interface design should specify ¢ more partitioned pec 
\ new user, or cne leérning the system should te presented a 
reminder of the preper sypellins Cr COmmMa aa aa Gee 
dene ty heaving tre system sutstitute tne correct ccrmers 
word at ti©& alltreprieate ss, atperereias cae ee The Inter] ae 
system Lerteives the inser as intention, régues tagae 
confirmation of spelling corresticns it MaxeS automat ieaueen 
{Kef. 5S]. In operation it seems uncanny, as though another 
perscn is watching over the user’s snoulder. Interlisp 
demonstretes the power availacle within the meshine, tut the 
rescurce costs associated witn it make it impractical (ime. 
most mWicrccom,uter based systems. A more accomplished user 
might turn off the reminder feature if it annoyed himpesonruis 
it spei up his job. An even cetter method is not to use the 
keyboard at all except fer entering text in a dccument Yor 
nares 1 Au.c a Brot atic Compiler errors will ode¢eme 
enecarcnisms, as more syntax directed editors recome 
aveilatle. The emrhasis iS mow turninzs to run-time Gm 
detection and correctior, a Mich more troutlessme Siem 
ditt Teult vr rot iem. 

Toe be helz,fal tke machine Must Provide yeoman 
information etout the error type and lcecatiomw sem thetwtm@e 
user can attempt to find and correct it. That @imrliooeee 
ccemputer must kave knewledge of the prcyeram, as well as raw 
information. Unfortunately, “tae anti ea intelligence 
Lrcyzrar required to perceive the user's intention from ell 


the data on hand would seriousl, cverload all Bat hemi 


Svieieeinierocon,uters. Th Mechiine usually hes sufficient 
Meeadta ateut the erfcr to previde accurate infcrmetion 
Papout ithe problem. The intoOrmation is usaally not ir an 
understandable form. System desigrers heve teen relictant to 
muerae | tne fecility to de the jct cf translaticn, teceuse 
it oas teen considered te ce wasteful of rreciois resources. 
Moieeecexcemple, Many mccdern error hendlers respond to an 
incorrect address call with: kus error(core dumped) . wnick 
sends the aser tack to his prcvram; cr worse, tc a 
Memraecital core dump, to find the fault. Most systems are 
eepetle of: Sddrecscmercute sofwebounds in subroutine 
<subroutine name> statement <statement number> , if the 
error handler has had the prcper emhasis from the teginning 
Sf tae design. An artificial intelligence based Heoioeen: 
might reszponi as in the previous statement with the adaition 
ome 46... expected <address name> . The ailtimate res ,onse 
[ob te 2a Warning to rotify the user to verify the 
corrected address. In the recent rast the designer’s feeling 
has teen: A minimal error handler is adeyuate tecause real 
Mm@eerarmers will figure it it inated ce nO longer an 
ecsce,teble attitude on any design tear. Those resources are 
Meme xtendable, translating data from one form t9 anotner is 
one of the machines Stronyvest attributes. 

On line detvugeing tools nave teen sore of the mest 
chtuse rrecgrar development eids ever devised. Single 
scurce-statement stepring tecaniques (from compiled code) 


ere some of the easiest tools to use, but are not widely 


ae 


aveilatle. That is the nermal detue mede cf interpreted 
SOCe 
oe) CA OPES LOUS mo Tourn 

The notion thet misteses Can o€ radutel "ee orovT eee 
rewards for correct perfcrmance and ty punisaqin. Pneccrrees 
1erformance seems tO be ajyzrcejos in Llearniiie to ise 
SOM CULE rs. The concept of rewerds and punishment is wel} 
fcunded and widely accepted, tut in this context mus tee 
extremely subtle. Initial atten ,ts will trotatly fail see 
rreposel is to reward correct tehevior and tjztrevide “ceprecs 
usage crompts wnen incorrect entries are attempted (Ref. 7]. 
In thecry it sounds plausitle. The particular implementation 
rreposed ty Owyer appears tc be 100 Obvious Ts coo human 
cLteratcrs will chdafe Under tae “Oven tia. machine is 
dicjensing symbolic pats cn the head. Ine issue is wne is 
in contrel, the user cr the macnine? A tetter methcd Tse 
allow ccrrect performance to te rewarded with otviocus 
progress. Incorrect performance should ce ditficuld teen 
impossible. Allow the user to set exrerience level «eys cr 
let the system recOenize the user and set an exzperierce 
Vvearietle internally. User selectatle o,T19nS” are loom 
Various levels of exzperience invcke different guidance for 
€acn user action. The nection cf rewards must te very 


Saatiously implemented, and only after extensive testing: 


111. WAN-TO-MACEINE COMMUNICATION 
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Man-tc-macnine communicetion has teen the A elon 
Hector tetween cCmputer users and non-users. Past (ane 
Mmeecent) computer command and j;rogramming lanzuages are 
Mamet sc, Confusing, difficult tc learn and nearly impossitle 
to rememter. People are not -rentally e@quijzped to learn 
things lixe thet. It is especielly frustrating to leara a 
particular set cf commands ard their idiosyncrasies only te 
moreet them almost entirely during a fortnight of non-use. 
The reason fcr the inhuman lexicon in the past was lacs of 
storage s}ace. Ieee moot enous  Suace lO nde ‘all the: 
things thet had to Te done, $0 tne sacrifices had to te rade 
by users. The former extravagance of more understandable 
commands hes teen made aftcrdetle ty the microccmruter 
Mmepmeertion and the shrin«ing microchip. Sufficient nemory 
and prcecessor speed exist in all tut the smallest machines. 
Ncete that the command languages transcend tne mere ty ,ed 
code word cr zhrase. New methods of impressing the user's 
meeyention on the macnine involve some very kuzan 
Peeewractions, ¢€.g. ypolnting to tne item of interest. 
Regardless of the meéthcd inveclved the newer ccormunication 
forms have teen ke;zt from wide use cy the expense of 


Mar@were. That is ro Ilcnger the case. 


Aa PONE eee. 

There are Wany kinds of "ieee 1a uee devices; 
keytcard, joystick, Jligkt-Len, mouse 7 atte eee 
tcuch fanel, to name several. A more complete d=seriyt ig 
included in (Ref. 4](Rer. 983]. A trief descripti ope 
curfice Here. 

The typewriter keytcard is identified wits the fomoiaees 
because, even tefore widespread irteractive Comput ieee 
teletyre machines, kKey-tunch machines were used to creete 
carcs that the machine could read. It is the Claccimeam 
computer input device. AS Such it is 4 first Chol GeuRIaE 
computer system designers. Mcst computer users expect a 
keyboard as part of the macnine. It may kave from 490 tc over 
1¢¢ keys. The upper and lcower case alphebet and dizits form 
( te 9g are included, as aré Mest punctvetion smarks- Vol 
Keytoards are encoded with the ASCII (American Standard Ccde 
for Information Interchange) character sets. The Gti 
Stendard character set is EFUCDIC <\xtended Einany Code 
Decimal Interchange Code), used primarily cy IT2M. the 
ere-cnotics cf keytcard design was decided tercre the advent 
of the computer. It is a result of ty Lrewriter 946s) eee 
is locked into its tamiliar, bit awkward QWERTY ee 
tecause of the costs and ~eclitics invclved in having teople 
learn a rew xeycoard layout. Other designs, mcre suitacle 
to human pnysiocolosy, nave not snown Sufficient improvenem 


over the starnilerd to ce considered for wide applicatreue 


CN 
NO 


Thee most likely fete of the Keyboerd is that QWERTY will te 
Sreeerceded ty voice input. 

emmieollch 15 a holdigversdevice fret the era of analo, 
eomeweers. It is a Stick mounted wits two degrees of 
Meo. ction in elther of two perrendiculer directions 
seuses a wiper erm on a potentiometer tc meve, chenglie the 


ers. 


in 


meamece. (hat resistence 15 .convertei into a disital 
peel and fed to the ccmputer. Thus 2a joystick can 
Beeresont a ~Cint in A=Y space easily,and so can te used tc 
Meewerion the cursors As a curscr controller the joystick is 
a member of the locator family cf logical devices. 

A light-pen is a light sensing device used to denote a 
joint on the screen. It senses the light emitted when the 
electron beem strikes the screen phosphor. PUSa ds shaped: 
lixe a sen and kas a tnin wire tundle attached to the end 
@ppeccite the sensor. It shines a light from the sensor end 
to snow the user trecisely where it is aimed. A light  1en 
is most often used as & pick, though 1t may also te used as 
Pmmeerre re, ilcCcator cr valvetcr device. The light pen has 
fallen cut of favor because it 15 more expensive and frégile 
Meemea MOUSE. Zecause it is sensitive tc all light, nat just 
Maomiaent generated by the CRT, it must be xe;,t in a holder 
or stend when not in use. Thet means the cperator can srct 
just set it dcwn between uses, lixe *e can @& monse or 
Meyctick. Another light-pen failing is it may tecome 4 
eestle hezard if used in @e non-Ttenign environment, e.g. a 


Seer, aircraft or automcbile. iicoilla DU Den Was Once a4 
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treaxtnrough in computer control. Tt 1S eum ese 
Ly the mouse, a cheaper more rotust device. 

The mouse is the new derling sf the Sompgte= rn termee 
qesigners. It offers a flexible and relatively inex ensives 
means to control @ screen cursor. Tn€ cursor WS ther eee 
for most interface functions. Tne rouse 1s mere ex) emeueee 
than cursor control via a keytoard; out it enables a Conia 
mede that is mucr more closely attuned to numan Coen 
~rocessing [Ref. 4]. Consequently, it is much easiermeiee 
use. It alse suffers the missile hazard protlem of tre 
light-rpen. Sut a user may leave the mouse where he last 
used it, withcut fear cf eenerating Spuricus injput, asmtie 
lizght-cen Tight. The numcter cf btuttors™ to. ollagemen the 
Mouse is ar,uatle. Three buttons seem to te widely 
accejted, but one and two are also used. Tse decsisidon smegma 
te made on the tasis of the expected user eroup. The 
areumeits ranse from “One button may be less confusing =u 
"The scftware may te easier to write for three tuttons.. 
[Ref. 1] 

A digitizing i pad as) usecase tracslate eraphical 
information intc e@ mechine-readatle format. Its auieaen 
surface with either a mouse or stylus connected. Lrawings or 
cther graphics intcrmation are pleced on the Surface, tier 
Loints are read from the arawing using the mouse 9F SU7 aimee 
di,-itally encoded and trensmitted %0 tHe  Gonpu deme A 


digitizing pec san double as a Mouse type surscr emt rome 


T@jep ene ls are=c “recent adaddition to the world of 
senputer input devices. Two different technologies are 


ised. One uses transparent szressure sensitive memsrene 


Wn 


Mfemerinz tC the surface of acdisplay screér. The otner 
versicn is made of two linger arrays of laser dicdes, 
memeanezed at right angles, treat form an invisitle vrid of 
intersecting light teams on the Jispley screen. A finger, 
Oneary Other craquewobject thet interrupts one or more beams 
Meeinter,;retei 3S an input signal. 

The mejor disadvanta,e of tcuch screen jpanels 1s 
mecolution. hom kee pmeecoStS “within reason, ~end to offer 
acceptable resolution (apprceximately three cr fcur lines ter 
mien the vouch ;anel is suitatle fer use as a pick device. 
Higher resclution is possible, tut costs escalate rapidly. 
Mreeresolution is finer than a human finger tip, a styius 
must te used tc indicate user selections, tc avoid ambizuity 
eae Spurious inputs. 

[ee altinate in cursor “control is a ne-hands 
eeurciler., Implementation is by means of a hat containing a 
senscr that determines where the ser 1s looking. Most 256 
a low yower laser reflected off the eyeball to read eye 
jemeron, which 1S trensleted intc 3 screen position. This 
mode of operation allows the user to keep his nands on the 
Mmeemcoard, a benefit for accomplished typists. No-recndas 
@ursor @enrurcilers = are justeericw tecoming ocommercially 


avelletle. 


ES COT ME) DANG JeGo 

4 command language is the mears by whice the compute neene 
meade to do useful work. A typical computer conmend Peni 
1¢ designed to implement furcticns. Taose fuUneticn see 
simple or complex, low level or kigh. Languege design ctesed 
Qn srarcmetical, syntactic and semantic properties cf ‘aimeue 
language tends to generate cctpater comtand lanevages that 
lceok like szpcken lenguae,-e. In the past hardware limitaticns 
drove commend language design decsisions. Now, néw hardware 
ceapetilities ere allowing e tctelly different lenguage roael 
in man’s quest for more natural computer use. Ine command 
lenguage atstracticn is moving rezpidly toward tne humen end 
of the man-machine cecmmunicaticn channel. The trend is away 
from command words and phrases, and tcward é command 
rejresentation that eEmuletes the environment. The etnies 
the mechine cen do “ere = Trelne expressed in common, 
understandatle terms. In some, words are not used at aim 
pictures and mection, -ased on the well Known rwetaphcor Sone 
desk tor, suffice to define an unambigudus action taeuise 
wents the computer to execute. 

commend lerguagés may texe many ferms and te implemented 
ceveral different ways. Machine control metrcrsas below the 
process legical level will not te discussed sere, tecause 
those details are not useful to the generel user. “Dnieee 
context a process may te thcuen ct as the lo-‘ical eEmtcd vie 
of a aser comrand. Tyz,ical processes are: 13g2192 Onis 


machine, editin, a file, editing Ccmmands within lage 


wget oes sc stile, executing a [Lregrar, etc. Tae mest commen 
command language implementations are enumerated celow. 
1. Simple Commend Languese 

Itewonrplest Ccpmrend shan -va-es use Sinsle character 
cedes t9 represent legal Ccyerations. Tne test attemrt tc 
eymely MNemoric WaeSsme tut tnet is difficult with sin,le 
@eemecters, @€.2. 8 cculd mean edit or erase - two entirely 
Meeaerent crerations. Single character codes are no Ilcn;zer 
used as computer command languages; bdut are still widely 
used in interactive editors, detuegers, and various utility 
Mpovrars. Single character codes minimize typing. 

The next most simple comTand structure uses Tultiyple 
character ccmmand names, usually between two and five. 
Mnemonics can begin to help users differentiate commands; 
mee they <ctill need handy reference material. 

Full word command Jlénguages are the easiest to 
remember. The functicns are invcked simply ty entering tne 
mame just as tefore; but now the function neme is fully 
specifiec. spelling and attreviation peculiarities are nec 
longer a concern in rememoering a function meme. This mcde 
can te enkanced tec save typins. Tre mathine car fill tne 
Sear ling part of the command word or phrese as soon as it 
bPeeerzmazeswan unamtigucus leadin,: character string. 

The factors that separéte a good command language In 
Maes cate€-ory;, trem eae tad one rest in the syntax and 
cemantics of each. Syntax rules like the zero, one, 


Meesity scrincivle (Ref. 31] , and command structure 


ecrnsistency can te aimrpcrtant elds to learn ieee 
Tenoring Simple Pe nwes liye thet can result “iia 
etomination. lLearnin; tc use Simple cemrand” largie, comme 
almost entirely a memory function. fhe ice€r Wet eesogieee 
the thin, 12€ wants to do witn the correct function namo 
syntax. The early stages of the irocess are Very 1 pac tea 
because the user Trust constantly refer te doctuTendteti oa 
help. Even tne most reéesular languages »~stdill requitmeme 
learning reriod. 
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ys are the nardware designers answer to 
the difficulties of learning command languages. They are 
usually additional keys on tne «eyboard, tnat may Or Mayne 
ce laceled. Function keys relieve some of the short term 
memcry ;rotlem but they add to the user’s initial confusion 
and - Lot inserat ion. some the keyboards in systems (Chee 
functicn keys are awesore. After learriln=s tne extra DUtiem 
meéenines and locations they are generally eésy to use. They 
also tend tec lirit system flexitility, tesause the Useriaee 
no control over tne functions. Tre intlexitilit, is) 1 Sigg 
other vweys tcc. Users whe initially use the system tecause 
tne function keys are self explanatcry often find tsemseiuee 
disenchanted when they have outgrown the novice-user Stage. 
Fregrammatle tuncticn keys are a vartial solbuti ome 
the roclems of funevt1 or wires. They allew edditirerem 
Tlexitility for tcta the system desigrers ana@id most aecasee 


tne users. The rlexicility comes tecause cach key Tseie 
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Meee welocxel into a Sirgle function. rach eépplicétion 
jrogram may redefine the «eyes to Suit its needs. In many 
eases the user can detine keys tc suit ais neeas. reer 
function «eys are needed whicn reduces tree users initiai 
awe. Berertupnatel 740. OW weet hee Uy eel S Paced with 3 
memcrizetion pretlem again, unless the designers creviced 
for variable latels tcc. 

Function keys and programmaclée xeys are én atterrpt 
Gemeorpact more functionelity into a fixed ca pacity. They 
pegged cOT,;Tromise, they add to eyuipment sosts, and they make 
the system unique tecause cf the added Keys. Scmecne used 
Momercenerel -urpose keyctoard mey heve difficulty adapting. 
That is not a failing cf the hardware, tut a user interface 
Semcidéeration. Systems with fixed function xeys tend to ce 
aimed at nevice ccmputer users. That translates into: Orly 
novices will use the system. Too much attention paid to a 
Pamticular user seement usually means the rest _,et 
neglected. 

Menus are tne software designers answer tc tne snort 
term memory problem. They heve edvéntages cver the function 
key soluticn, but they alsc suffer scme cf the séme 
flexibility protlems. They can be variatle size anda lenzsth. 
They ere more self-explanatcry than keys, tecause tne 
Seener can write mcre thar ea single word or attrevietion 
in an entry. Like xeys they also channel the users activity 


fee predefined patrs that may te difricult or imjzpocssitle to 
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rt. wJeeleners Must te ceretul fot to take te Semen 
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2 ej 
final sclution t9 CSoTrend te", Usee Tretfens. ime ee 
useful tcol and when used in cchjunct 1 ORY en > Gee ee eee 


can helt creete a icwerful Environment. They Can alscu ee 


a! 


nuisancte. scare seqaences from severel lawyers of men 15 eee 
re yarticularly devicus if the user is not kept infermedua 
his wher€atouts in (ee aerate 
4. Mecre Instructions 

“Macro instruction is a term coined te defame 
comctinaticn of computer commends, used frequently, that 
conceal intermediate results. fhe term was first applied to 
essemctly léangiage programming; out is used at all levels of 
computer language now. Macre instructions are the | Kea 
USER 7 -f lexi hist. Trey ere an easy way for the user to 
customize a system to fis personal desires. Unfcrtunetedm 
they ere some of the hardest things to learn etout eae systeue 
The reascn is somewhat self per,etuating. New users rarely 
write their own facro instructicns, though they May WSsemeaae 
-ive tc them without realizin,; it. They usuell? epee 
of the existence cr macrces. Hxperlensed users WSe™ homme 
extensively. Taney alsc write the documrentetion atom i Gaueee 
write and use macrs>s. Have you ever tried to rea@a=s7ste7 
G9CuUrentd T1017 [If you nave, foOw y¥Cu ay why only 
exyerienced users use macros. 


Icons transcend written language. In tne context ae 


Son puters they ere small uncomplicateaq sketcnes that 


Mepenecent Cetmoll, Knewn ideas. PMim@enctan@arbe § Cres are 
Preomomunadtercopresent a particular fetapcrcor. tccens ére all 
Peaemea us in life. irey are es ,;eciall,; nelyful wren tryins 
to sess = denziaee Carrier, as is demorstratei cy 
Momeerneticnel rced signs. An untamiliar wser may act te 
femmemeetcs «6h eEl Cite 6|[U6UklhC6CUdiccr hUGht vfirsts cut once he kacws its 
definition he will rememter it wnen ne sees it again. ney 
ére tne easiest interface device tc use; tut ylece heavy 
demands cn hardware resources. Icons require tit-map ;,ed 
ecsreen and fest secondary storege, as weil as plentiful 
memar; storage. 
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tate of the Art 


As stated, the departure from cecnventionel ccmputer 
command languages is a result of vastly nore rowerful 
machines, ee nec 1a lagy microcomputers. Objest-erierted 
interfaces aave cazptured the imagination cf tne industry. 
They emtody much of the novelty and gee whiz excitement of 
arcede video sames, yet are aimed at Entirely practical 
Mmeecsss. Wizzywig is a term for this femily of commana 
Mmipeses, from the ~hrase: shat You See Is what You Get 
Meeowwis). The user is not required tc orirg anything te 
the machine but ccmmon sense ana a jot he wants to dc (wnich 
tne machine is cazatle of). The language he uses Simulates 
Mernueli, doing tne task. For instance, tc preduce ea new 
qccuret tne user selects tre picture of a tyyewriter from 
Maem ccs )«6©6CcdiSplayed. Uren selécticn ct tnat icon the 


memeeater recronds ty Entering tne wori processing mode, at 


é1 


tne top cf a slenk page. Tne 18@r Nay Clit ee 
es the displayed pe,e 15 in ,lée-e€.- ne eeeee ce a ee 


[PPervyriter, (he Se eecumecn —mmed cnaracter end wond delieuee 


keys @re used for ty piareco rreeerener 
Larger editing functions, ¢.3. lin€ ¢s tacine eee 


“= 


étyles, text insertions and celetions, ere mouse "eemya eee 
The function is selected witn tae mouse. inen, tei ae 
end text j;ositicns mwerxing the ranse of eppl ications 
ehosen, eFoo using | ce meu se As the mouse EuUtt ome 
clicxed, ccnfirmrin, the range, the function 15 exec ae 
The results appear in the text, witnout any further aie 
EC U0m 

Tne wizzywie editor descrited cere is the slét eats 
the-art in word p~rocetsipea sof twene 8 lomo inexpensive, 
tut is aftordatie. The APPLS MACINTCSte is scld ieee 


version that, while restricted t090 S$1xX inrg@ lines aie 


recges, offers ell tne cazpatility descrited atcve. \cte 
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thoven. the research end Gecimanet 
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crt that developed thet 
ecditcr was tne culmineticon sf cGcver e@ decged= ct Sagi 
tursuit, ani tne editcr is met Uransterrabiee eee 
Tlerescizuters outside (tne S22 eee ot Ze Culae 
Tacnines . It does @ercnstrate wmarei possitl2 in a fa ig 


modest but capebdle micrcocom, iter-bdased System. Sede 
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Smee Views tce syster. ero co nt ee nee eur ldSein ss taces 
memerenin. with tne .ser $ first exz~terience with the méchinve. 
If the hardware features are close to hit Expectations cis 
Bemrgdence grows; herdware ujereczes cen te had letter. Ae 
Meme scitware is availatie tor that matnaine to do waat rae 
wents and neeis, he is é gain tctolstered; software is 
relatively inexpensive. If the user iaterface is aw«ward 
the machine will eather dust. Some yeople ere willing to 
Meee clicwances fcr every part ct the rechine except the- 
Mmeeriace, the jart they car 19t toucn or really see. 
Feo, ,le, especielly those outside computer science, will 1ct 
wrestle with a machine, even is it 15 Sujrssed to te tetter. 

Mime Ser interface 1s cricial to masnine acceptance, 
[emeece ©€VEN FTOre £6 for acceptance cf sditwere aj, plicaticna 
Meeetoe eS, ine feature of the interface that ,es,le ,ercelve 
Memcude Ciclo;~, céfineac as tne cCcnversationel mece cf 
Memmunication tetween the user and ctmiputer. Regardless of 
Beemeother hardware ard softvare ccensiceratioas, if the 
Memeo 1S Clumsy, unevenly j;aced, tod tishtly machine 
Mmmeerolled, or otherwise unagpreeling to the intendec users 
M@erewill ~ercsive the machine to te tad’. ee iste) teu 


mee CE awere cf why they feti that way. 
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is not. Wits s<llil end artifi-e tne S0a a oer 
tc epreél te the Rumen psyes°, end Uaset ie pee 


ijgtectiete 22532 
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Iwe G@icstinet. dileree: “errr at tae CCMUMUIALS 3 Tae 
iwbert ace. 2th ais ctetter suited to different situetiomem 


theusa neither is totelly wroig in any tase. The (Tei 
facters lie witn toeth the iser, n1iS computer s4il ) See 
intent; and also with the machine, its Cdjpabilities | ae 
or Se. Cne dialog 15S ctom,iter initiated, the clmaenmame 
user initiated. 

The machine initiated moze, Mentionei in chacter 1) lee 
the ypreccmintant cre in e mcedern interface. The ssa 
ettricutes of the Machine are croceut tc) she sven oe 
helx ccmrpersate fer the user’s weakness. Fy disniayemee 
licts, the com, ,uter $ ertturate recall 15 2¢¢€2 (c.g eee 
user § mrercr, atout the environment, i cerma rcs, ieee 
bositicnr, end various ctner deteils the user need > yee eee 
Set cue Gy Keepin, under  Cca iieci If tne  ehicun tes 
essistance rendered is user selezttetie, te aeslenereeee 
tlaced the user in de tacto centrol of 21S SnvVircimen tee 
scme of the levels of hele hév,-er to te tiuterial) tee 


tépzlns to erér.we as much mere than just a Smartt) pen eee 


1 
1m 


> 


memo soe oS 1S ict S-_-otite, the oser initietes the 


€ 


fetron Via @ Command Sequence and tre macaine responds. Ia 
Mmmmeerreeert Ory, this mece relies ertirely on whade the user 
meee ctout the s,ystem. It 1S the most comme1 men-mecrine 
Mier tece dislo2z. ine reesons ere histcrisal ana eEcorcmic. 
Meee oulr?>S i°wer cachine resources and, eccerdin; to Fceley 
meevan bey [2ef. ©. =. 227), it ecests less, because the 
Meenine neei nct store eny infcrmaticn explaining commazds 
iemmouimen terms. Pre burden is trlaced on tue man to c3nforn 
meme un]= Machine o,ereating environment, cy learning ani 
Pememtéering machine ccemmands. witneut the fLroper commands 


and rules to use them, the system 15 less resporsive than a4 


meme tle STrith-Corcna electric typewriter hooked tc a 
televisicn. Meternm interiace decizgn Lractices lictete 


limited use cf this mode. 

iters TOCe SoeS5 Lave its ;lace in a compiter interface. 
M@ere ere Experienced users thet will alveys rely on tneir 
Seema lis. Tre tare system will trotably te faster, thossh 
Memevakxe€S will te frore costly, in terms of lcst time anda 


Meroted eficrt. Less exjeriencec ssérs May experiment «swith 


Mae ad Oieht to have tne op, .,crtinity to ezcess it when they 
memeereedy. Everyone shculad experience the tsrill cf Workin, 


meeeo out a net. 
MeaguuUltereusers neec netPweadeszyeir Suntil the wittyvle 


memeept 15 expanted to ,eneric software jacKages. Taere are 


Meme (Din, S that cen te e€cre, with some effort and 
feeecotriat® rarcdware, to ease tne jain sf learnings ctotman?z 


(Ps 
yn 


languages, O7 tt conceal then from Che OS oo 


i} 


tredcminant, hurdle te cveretme is Short tepeeeie7 cn 
following remory eids cen te 1%, 1LE€Tented or =) ee 
cerz~uters herdwere required “is iil mega he ee 
merory assistance tc implement 1° 4a MejeGr 2s) 25 
[Or vee reasons. In the e€ari,y ste,es cf learniz,; 2 ean 
cystem, shert term memcry wores at cdds with the “aeeuuee 
atterpts to leern. he iS ccnstently trustreted )pyeeaee 
inatility tc remremter ccnmands, syntex, and nindr @etawieueme 
system use. Memory aids st this learnirn,. stage fae 
either extensive anc detailed, to give the leernine Usereee 
the information he needs; or better, the system can aiteuiaee 
detail, reeping functicns atstract and -eneral, tc relieves 
the new ser fromr details he ¢ces rot neeée or care atout. 
The major design difficulties arise tecause the neve 
foes not refain e novice fecrever. Within de;s cr Wee gue 
needs enc wents will te cdrematicall, @itt= ree 4 i thea 


care, TetTory aids can o.e€come vereticis resm@urce Faqs oe 


— 8 — == — 


The simplest memor, e«i?2 is e displayed 27 Sie 
SCT as Tne list removes the turden sf «42e;1ine SsSvem 
carely familiar commend nemes “separa cee ivery  -LCSSiiaime 


ccmmand need not te disctlayed. A com, ,lete sSulseuuiiee 
eereral ,ur,ose command for eech availeole  o ,ere view) ae 
adéyuate. The diszplayedi ilist 1s only that; tie sen 
Still choose the jyroper comrTearad, ari  =202r pe 


Fee ee een ea Nothing mere than tae commawe wcrd 15)5s ogee 


me list. 1% MeO ee@ esto eave lVSG (UlmeSU; ort tis 
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Metrcd 6iS writing the 1157 ¢ Sor 


rT} 


ese. © 4 1 2 ite t 


~ oy eyes ee = 4 


foeere. (nis metrioc is less us 


(0 
iA 


heest exrensive to itplement. 

a-seebsith Syntax 

eos aro beeen =A Gerci oN Ct the LiStoacsve bs 

to ieesolea,y (Te regemtelive. cot@mantd syntex. [If several 
Summer are aSS@ciated wits tne sommand, dis:,lay tre 77st 
Mmamera) one. #0r eExemel>, the UNIA YI screen eEtitor, 
“delete” ctomrani mieit be disrlayed as: “nd”. The user 
meeapeeencw cezin to see some cf the options that he may uct 
meee rememtered frem his reading. A casual user, who nas 
not used the system fcr a few weeks, seeing the syntax 
emer; le With tne comrand is wcre likely to recall the syntax 
Bere< for the command (assuming the cyntax rules are 
Memlers they ere in this case). The failirg of these first 
MeeeemethcadsS 1s tnaet tne user rust Know tre commands tefcre 
Memeeet> Tuco tenefit from either forn. eT ON 1c” - commend 
Mees Can helit: tut scmethin,, mere is neetec. 

ee ey Lanetl loms 


4 


ee eC sels a 1S NSS en tesice ts). eds 
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momen Short pnrase ef extleration for tne command. €., 2. 


r+) 


Mame —- Delete n words. Two factors affecting the descier 


Moe «TeE)|6CCnSicered: SPdiGeme camel Tere ne tetlol.«us To bset Grr 


bay 
D 


t2kes Tore ‘race. NiGmepceomm@edd ce Vermetonw oC setic.levod. and 
Still preserve ecequate wersaspece. Careful decisicas must 


Mme = bo teslade enoweh infermeticn in 25 Little space es 
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Pe Sel ie Once a@,éln restrifrtlions are GaP eesce eee 
equirment, now causec ty taysical disyvlay 22eaneeeemeq a eee 
Taken literelly, e@ 29ovice wml it rysec ws yee 
cemmand ¢9 tTean it aceletes wirae teat E@s1i2 with tage fate 
nm. fhe designers Must Mace SC™e aSSuMptions = aay eee 
entry level reasoning and experience. thet dees a6 aie 
the desler end implemectation wil! te universally Gagercneee 
as intendec. In this moce the “lass of errers -one pave 
misunderstcc?P ues is epi 3s rotwenr how should the 
machine react te a literel ‘ndw¥° commend? A wWSeeveuemme 
dis played with a page cf commands ex, ,laining that “n ase 
variatle thet may te omitted cr replaced with en inteeer, 
may te sufficient tc preveit the prorat eco screen 
tlink will yprotatly net te helpful; teceuse themmece yas 
Stes iy followine the Sid ances Testing 1 Sais 
reyresenteative sutjects, will saov which aids are needed aad 
where, identify <ccmmon . errcstegebeena 1 Ackea ve 1tossitise 


remedies. 


mat has teen accemplisred, end whet 23S 1 tees 


fu 


That ¢éepenrds entirely on one 8S print of viet «ee 2s Sumi 
memory aids can te implemented inex; ensively, the, wile 
new and casual users toe te mere comfcrteatle Sl aeeen 
learningawtine <sjeter. (Inexpensive is a relative tern, 
measuring e-ainst time and productivity lost while lec 
and relearzing, memory aids are inexpensive.) #x,erlenees 


users will fprotatl; ignore the eids, preterria] cee 


qn 


iN 
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eee ecretme sd Tfe WOrkilne Scatext. “tne gquesticn of waetrer 


Moe splay a meror; eid ty deteult cr t> leave it to user 


Maceo les la USer= Ct uleticn  cCcmectiticc. Lp ae 
meee ore Lrevominstely clut ves. et done eni cf tre s, ,ectrim, 
Meee Geievilt = selecticn suit-tse  ~ein user  :revu.; rut 


Seems fecliiity selectetlie. Dre Flexibility is imvertent 
Mmemeuse Jt reinftfcrces tre “cticn treat the user is in 
Sertro!l. 

PREV Statiewremery 2zids discussed atove ere vossitle 
Meee St Ticrocemputer systems. They are employed extensively 
Meeeeoeveral commercial <oftware jzroducts. Pace CPeercury s 
Pavelved 1n implementation: is streen mane,ement, which may 
involve sore complex trogramming (the meni and work area 
fet te displayed), tut is worth the effort. Merory aids dc 
not csuse any furdemental csomrand leng<uage changes Cy 
themselves. aes USer merely Scens the list, chooses ea 
Semmend, ani enters it on the command line. The method does 
Meme SUrVeErt any cCaperllity the Casic ¢ysten ray ,rovice, 
mime a6 cOTcining several commends toxetrer to suppress 
meeeerceciete steps. A nmevice need net te aewere of the 
meee oes t22t ellow shortcuts, tut more xncwled-eeatle users 


are free to take advante-e ct them. Man's turden has teen 


tv 


eeeca in tne early learning Sta,es, but he learns low level 


J 


Pyeeuem details as he gains fariliarity. The first Jesign 
Meee icetions of the ¢ran cf differing expertise levels are 


Ceginninge to erer¢e. 
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The next level cf arstraction Spl ey Sie 


ieee a and séelecticn. Unnecessary 9575) teres 
concealed from the s@w user. 22 2S (es oie 


Cyeretions exp.ressed in penrrit terms. eer aad ec or 
made ty typing the selection mumber or Let VS = eee 
éereuments - filenames, directory names, moiifiers, Sts jet 
is a mfre natural vay te invoxe aigh level d,eratigns eee 
editors, compilers or documert formatting (rcp eee 
user dces ct type the command nare, only tne selentian 
designator. Larger operations invoxed wits less user ete 
separate this catezory from earlier retnods. ‘4 single jee 
Supplied, keystroke causes the computer to shengse cLperenemae 
modes. The system hides ell detail iuvelved in steppin one 
previous display, tidying ut the locsS en2s, and © tana 
the new ,;roeray7™. The user sees the screen clear and the new 
ccreen ajiyear, Just as he expected. 

A full screen editor is normally the first Qexg ogee 
a user has te curscr control. Ordinerily input 9 ogee 
onto a tommand line, the top oY oottcm serecn eee Lage 
screen ecitor the cursor - a symbol (often aa iin@er sae 
box, or reverse video restanzle’ - may be TOVed (> fen yee 
Character locaticn. Gursor control is ustally Gy di 7;ocmaeee 
keys, tiarxed with errows, or functlon Keys. E%agh Key siemeeee 
meves the cursor cne positicn, left. rignty) Up sci 
rrovision i¢ made for continusus NOtlon i ye ee 


hedee diewea., SAny sersen input 15 e@cnhcCed et 1 aeuetiere 


fn 
Cy 


eveweemerqem tie Cupser “jwoves te the Ext ,»csiticr. A 
merece  nothire = mores t°sn <¢ SyMtol t> focus the aser’s 
Memeatron. the Cursor Cay ‘e itroueht of as a vszertatle 
Mee yrole irtc the Mecnhine. it Shows the iser where toe loca. 


t 


loox, then n& must move leurs 


©) 


feet 15 ct wrere te wants t 
The only way the user can access the macshire 15 through tne 
cursor. 

[iste mw Feabines csc ussSee .un to this oO Aen G are 


meee), 6f OUN in commercilel software products. A tyrical 


Al 


Meera laticn includes a micr¢eyzrcocessor, 64K tytes of 84” 
(read-write, 2Zandom Access Memory), and one or two secondary 
storege devices, ustally flopyy dis«s. The next improvement 
Meeeres a herdWere wuperede, incorporating e pointirg 
feature to ,ive the interface a mcre natural feel for nea- 
Meersts. Those devices allow the user te Symbolicelly rpoirt 


memperemetnine = depicted on the screen. The user is atle te 


in 


elect any screen itocation witr a single coordinated eye- 


meme motiov. Two hardware devices ere well suited tc this 


mom, the Mouse and light-ren. 


eee SC CANTUM HOP 

Mie LO1gdtine feature entails more than jist buylins é 
mouse. What appeers tc te a small enhancement treans majcr 
changes to both hardware and Sui[rcrting software to make ef 
Reeser asten details.  chatuging cursor contrcl modes from 
mimermee Ste; xevybocara driven, to centinucts wointer driven, 


a eaeat 


(> 


Meers Much Mmcre complex screen fFarageTent. dJne 


Cy 
- 


expect tc upsrace 4a perscnal nore CCP, utero eee 


mouse controlled 1isSplay wit? Windows “end@ St pee 


(hs 


accegtetle resijonse. Te te Sure the compte yea 
cut winter mrclas¢sesS would mMmsave like tae Ceorecrie sou 
cemperiscn. To fully explcit the pever cr @  Volnmtenwees 
conctmitant windowing technigues requivtes 4° a Cpa eee 
computer ca, ,abdility. Fluid dis, lay switccin= " 2evard see 
rates well teyend that of sraller macnines, 45 wel 
special display Management hérdware. The full system uy-erede 
LS) -SUEStene re 1. The first ccemrrercial systems thet cfiteradr 
this capability cost ap,preximetely s1@¢,0290 per sStetVronee 
ee ee Prices have fellen drametically, in 1984, an APFLE 
MACINTOSE sells for $254@, thouwsh auch Dessiyonert ieee heey 
a -Utdtelly wizvgrevie r1verirace. 

Ks a pointer, pick, or locator, the WoOti dn on eee 
eursor changes slightly. It iS now a shuttered peepnodien 
orened by scme user action, for instance, cressing a buttcn. 
When the cursor is shuttered it may be roved freely around 
the screen tut has no effect, cther tne te eattreqriaa. 
2cer’s attention. Tnis mode is similar t3 the cursor 1 ae 
Screen editor, tut now all cursc” controel :.s fror the (eee 
Fy ent) ein. When used as a pict tne Shutter 15 o9emee 
triefly and informatior is transferred frot Man-Uto-foemee 
and vice versa. The infcrmatien transferréd mlsnt naveweeem 
ae menu selecticn and response. The réw  2urser {aS iim 


intormetion was transferred in. The machine translated ie 


or 
nN) 


Meme Greeeeottulonm tc the meau selecticn and 2xéfuted trat 
moses. AS 3 locatch, pressing t»e Moise cutton Teans: Mark 
mmeemeccl ot. [he machine xnows tre imzliec s,eraticn tecaise 
Seeecime CONLTEXt in which tne Terk 15 given. 

Clem aoemny One Should = 7ontc. the ircutle te 
mee this mote, since key control is fine era mtucn less 
Peeeensive. The mouse gives an intan-itle tocst tc the vuser 
tecaus® he can now accurately position his ling to the 
Meegine where he wants it just etout as fast as he cen find 
Memvaisually. Light pens and rice are Fitt’s law devices. A 
ywser can position the cursor using them just as rast es he 
Saewmeevoint bo the new spot, beceuse the copnitive processinz 
isc nearly the same. Testing hes ¢snown the mouse and light 
Per tc te superior tc any other locating devices [Fef. Ape: 
mematesiace control moves away from tne keyboard, the mouse 
fomesote other Fitts law device will ererge ;redominant, a 
“noe nands controller might te even better. 

There is @ tre; here for the uLwary designer. ier 
Meer li©, dillow both centrol methods of input. Use two 
Smears if necessary. Let users decide whicn they prefer. 
Meeeerienced typists feel more confortable with tne keytoard 
and eschew the mouse. 

What intertace  prcetlems are easier Ee ieanbe The 
Sweemetvure of the ,rogram that runs the interface is very 
emer e NOW, Cut the preeram is icng, and laryee over eck 
Mees of ocject code for one screen is not unreascnactle). 
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Mme user is presented with lists exclusively. de may crly 


a0 


cvaece Onis Some c at é timex Tre Lrenomenonmeeonn 
~sycholcgical clesure is tein eccommodavec msl: a—ern The 


oS 


seep sees definite “ecticn—rs22 0). ee 


mo 
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explicit results. ‘Tne envircnrent ~Lresentesde is mest dike 
csierarctnical, ¢90 while wording tae user iS travers ie ae 
cr networr. The user does not need specific system 
kncewledge  ,if the meru desi,ners have done ée ,cod jot,. The 
user is tetter atle to ccncentrate on the ict at handing 
net the mechine. 

There are still S@€me <nortecuiae Centext is 
difficult to raintain from one menu te the next Pecause mums 
full screen cnanges witn each new menu. Screen manezement 
is a tacit cesign challenge. 
<. windows 

windows @re the latest addition to the Iinterigae 
desiener’s bag of tricks. They are a lovical extension of 
the concerts cf screen splitting, andi zones, Cui 
yen ainec.. A windcw is a peneralized scree. Gr “~seuae 
display. Anything that can appear cn a normal display ‘Gan 
éppeer in awindow. windows cén appear simultaneousiv with 
other windcws. 3;90d windcew performance calls for hardwere 
end “Software. SUppent. rhe crperatin, syStem rust supe 
Tultitasking, i.e. a single .ser Tust te abdle tc imi 
several active  prccesses an a tlme. Sore tcrm of Pasiem 

Operation is necessary, as are fast Screen buffer (s). 
A raster operaticn is the ability to extract al iaem 


~art cf the screen buffer into ae file ene = recall eee 


D4 


eeeceneet wlll. faster o,@rations ere very fest, the wrele 
ccreen may be chanzed in cone refresn cycl®. MIney eliminate 
memerneer or screens tc fili with text of graphics, if 
meeperly imtlerented. 

MmumGewaMdOWestviles are .used, Stetic. erd pop-up we 
pull-dcwn). Static windows are werk areas, usually larce, 
mec ontein text cr graphics. Fo~t-up windows ere used fer 
Cisplaying transient lists, primarily menus, and are small. 
A eor-ur Menu is only diszrlayed while the user Makes a 
eine ce . 4s soon as the chcice is mede the menu disap peers 
and the choice is executed. Tnat implies that more than cne 
window mey te displayed at once, allowing the user tc 
rreserve context as he chooses, like flipping jiages. beth 
static and pop-up windcws can te moved around the screen at 


Mmeemiser s discretion. 


C. GOALS FOr INTERACTIVE VIALOGS 

The user rerceives the system as the dialog tetween tne 
himself and computer. The designer must Make that dielos as 
Straightforward as possible, in numen terms. The follcwine, 
Seedgelines ere 3 starting point fer the interface design end 
implementation. 

1. Minimize Aprrehension 

Attempt Lc minimize user apprehnensica and 

Pmidgaticn. some uneasyness is inevitable on any mécrinze, 


eemerrrst. iiry to set the user involved in the werk, threcuyh 


the dialog, maxing the machine transparent. Keep tre 


CH 
(Si 


interface tusinesslidxe. Do net try to soem thoveh “das 
nurcr mey have e yzlece jFef. 4]. Keey error messe.:es 
comrlete, Cut terse. Instead of evalietinzg ser [eri ome eee 
in messages, use descriptive terns to point Cutt =e ome 
(Ref. S]. Avoid judgementel terms in messazses: Insteaa cf 
“Illegal Commend” which tlaces tlame on the user and nexes 
mim aefensive, use a more descri;tive ypnrase, like “usaze 
<filename> <“mode> <omitivewe > = A usage Tessége shows the 
user the correct way to invoke the command. It also le vsmage 
see his mistake and easily see how to correct it. A menu 
driven system prevents tne majority of errors like these, 


most of which result from edreleso (ine 


Minimize user frustraticn and panic. An uneasy user 
is more likely to make mistakes, eszyecially if the same 


Nageing tault 15 causing 41is displeasure: 


(1)  Fanic results when the system does something unex- 
pected then locks up, without telling the Ustnewaee 
happened. Always keep tae user inf ormedeatoniia 
state of the Machinle Or Doce osama. sitple DU lie 
ning cr stopped - address fault <prccess neme> 
is adequate. It should always te aistlayed at tne 


Same screen location or zone. If scmetring does 
fail report it to the user, then lock Up Gr ecuiae 
POO. 


(2) The user should never feel lost. Keep him inforted 
atout his location, either with a world view ae 
aeream or highlighted menu choices, etc 


7 
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Always let the user know what options are availeatle 
t? him. Guessing can lead ts disaster. Sota 
Tenus are excellent fer the task. Otherwise 
display a menu unottrusively at 4 Merei1 Cr soo 


(4) Accemmcedate several levels cf expertise. Try tc put 
Meewerser if control! here. No cre lixes to ce cles- 
emevea, eSpecieéll, ty 2 maciine. Astoe.le fer ex- 
Penmemeced WSers 16 One Pesslcllity. 

(5) Meke the aser feel he iS Maxing <ctwnraeress. Stress 
mepeemolosicel closuresin the design ana implemente- 
are T: « 


POmpbow las  bOe Vege tS cicove sw Wille omexse. for more 
pleasant error situations, and if the user is mcre relaxed 
Bewis also more likely to recover with less trauma to his 
ese, and his work. 

eee Netural Dialog 

The dieloe must te couched in terms familiar to thks 

user. wie Ger AL 1S Words or ~;ictures, they shculd te from 


the user’s Sphere of reference. 


4. so9lici 
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omments 


Syste 
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is grow or die. User comments will tell the 


Cd 


designers what is disliked atout the system. Thines that 


are ~-0od in the user’s eyes are invisitle. Anncying faults, 


no matter teow small will not o unrepcrted. Make sure the 
comments are read ard acted upon by some one with the tewer 
to make a difference. Not all pretlems will te repeairétle, 
meet least they will te knecwn. reedbacx is especially 
ieortant early in the design stages. Try tc get actuel 
users on a new system as early as possitle. 

5. Keytoard? 


PoOrmewelacations that are mot heavily text.and data 


entry, Peoew OG0 EER Oeessin2 try to minimize «xeytoerd use. 
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Tatatase menirulation eyplicaticns are a “Likely eam 
for a Wi2zywie iInleriece 
Oe TEs i sess lcm 

If the system can not te used for useful werk see 
the first session, something is wrong. A BZeneral ype 
set cf commands and azylications should te availatrle with 
any system Knowledse other than how to legin. aA user who is 
etle to sit down with no pricr knowledge and leave a snort 
time later witct a completed document, and a smile cy 
face, will return. S&xplicit training done on the “soyenme 
should te done in short lessons separated ty distinct 
breaks. Ideally the instructions Shoulda be designed far aren 
tc fifteen minutes, with thirty to forty minutes for hanger 
On tractice. Kee, the user engrossed in the joc et hands 
he must think atout hew to do scmethin-e cn the rachine wea 
1s not thinking about his jcood. The machine 15 just theremime 
relus a0tl deminate tre ask. 

All the exrerts agree or what to do and what not tc 
dio. It is also obvious who among ther have designedwan 
interface, these who have tried, and tnose wat aave ence 
They agree that interfece desiecn 15 mcre art then "Schemes 
It will remain so until computers btecome so ¢owerful “ase 
take on human traits. Or genetic engineers are atle to xrow 
a computer operator personality. 

The thing to strive for above eéll in interface 


design is to capture the essence of a metaphor. Infcrmation 
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memos enyew rts tne sid? of ea tTiete: hor, is trarsfcrrec from a 
serial data stream into a troad tand tlocd. Tne user learns 
memenalogy instead of ty rote. de is el1s0 more Likely te 
Mepenecer receuse ne is tuildir; on his owr experience, and 


the mental links seem tc te mich stronger [2ef. 4]. 
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As originally corceived UNIX was Speceane. t oom 
desizgned to run on e@ small computer in @ Waeenaton eee 
tecame popular because it was easy to use, versatile ana 
reedily exzpanitacle. Now tnat it has been in existence fer 
fifteen or more years, the cnly feature it Snares with its 
first versions is ease of expansion. BELL Lacoratories 
katy i¢ no longer easy to learn. and tS use the  wonde wim 
facilities requires a moderately powerful Tachine. Amiatle 
is a overlay for UNIX that conceals szecifics of the 
o-,erating system and allows a new user to use the system 
WItLPCUL fIrSt elms in vameve. 

Amiatle is implemented on a SUN model LEW work Sstaticn, 
running Ferkeley UNIX version 4.¢c, under SUN release version 
1.1. The system is part of a researcit project for the Naval 
PLECUTRGIECS Systems Command, Command and Ccntrol Work 
Station. 

Amietle consists of three major parts, eae Wel S¢namae 
ecreen, the worxing environment, and an gn-line Viwsegeen 
editor help progrem. The werd station 15 earreansed “Scueiaes 
the monochrome monitor is the text wora area and the vecuas 
monitor is for z-rem,ting Menus and graphics wort areas eae 
part will descrited and ex ~laiiede Tae finel Sé@eithmem 


discusses future werk. 


Ev 


Pees eboCcMr TO SUN UNIX 
The Welcome pacaave contains several jrozram rodules 


Mertee aiS siey *Tenus on the Sin cclor ttonitor. The screec 


oo 


G@meeecoesS are trad® witn the Sun mouse, placed to tne inmediate 
Meet cot Cte Sun keytcard. The entry men) presents the user 
Pemee six choices and four short notes. The menu is in color 
ome dark Cackground. 


ie 


ify 
3 


Venu Notes 


iMe Moves are Very Sitmvie and to the jpoint. Tne 
first necte tells the usé€r now to seléct usines the neuse. 
fememece cond tells him how to logcut. The thira and fourth 
are implerentation notes, and e point of contact fcr more 
warormaticn. 
peeeeain Menu Selections 
Of the six selections on tne main menu, three are 
functional and two are under development. yee) Sl xXth 
eemection, ectually numter four, a programming environment, 
is just a title. The operational selectiois are: 
1) Deronctrations. 
<) Amiatle UNIX 
epee, Shel] 
A program to select graphicel attributes with the 
memes 1S belneg developed for future inclusicn. The erarphics 
Eeomeror demorstration psrogrem 1s choice nurcer six. It was 


memeaed aS an interim graphics editor, until it car either 


be uyeraded or a new one written. 
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The Tain screén is SifLle and Wee ce: ee 
cheice is made the main ténu clears, pevlaces hy sei ene 


demonstratlon Tenu or =n “aut nfo re eeete ae Emietle arg 


C2 


chell selections clé€ar tre maixr renu tut leave the welcome 


Selected demronstraticns May ce shosen  £frcrm ee 
renu. The upper section is for monechrome selections seem 
lewer section for color. The déemonstretisns are f rome 
Supplied with the machine, and are representative of system 
SaVrarrit,. 

This selection is nothing more than an eSGape iis 
Unedor cecal * . 

s. Amiabdle 

The second selecticn is the Unix overlay friatle. It 
l¢ @ shell scriztt thet heirs the user do s€veral thinzes in 
Unix without any system kKnowled,e, other than scme (enaieime 
computer experience. AC program version is in devel ormennme 


rut is net yet reliable encugen te unleash on sine ieee 


et Note Saver 


Ud 
Ee 
[2] 


nd 


Amiatle is a mesxk tor Unix. It inccr,poretes Uae 
interface design ideas discussed in Chapters I] throusaeie 


It wes written and implemented on the SUN, tefore the 


wirndcwing software was installed, so it d5e€5 Ct ingore 


windowing, unfortunately. It does dramatically decresasemume 


Eieomuect Kievwied.© the user must tring with tim to the Unix 
orerating system. In most cases Amiable executes commnancas, 
mene uscer Sipelies only tile Wares. It has a terse tc,.,le. 
Were LEeTrse is chosen all messages from Amiable jpromit fer 
mm 6CNly.)6flxplanatory remerxs and more ccrmplete requests 
ferme intut are diszlayed with the tromrpts wnen terse iS rt 
set. 


mmiatle ereets the user with a list of functicns: 


Erowse Compile edit Learn Move Print Shell eXeciute losout 


The user can choose any of the functions by typing the 
capitalized letter in each. He may only choose one function 
eammometime, Cut he may exit tnat function, leaving it running 
in the backsround, and choose ancther. Compile and Print 
meemeradt feature. The idle state is with the functicn list 
displayed waiting for e@ user choice. Amietle asks the user 
Ter additional information needed for correct command 
eee o2tilon. 

The edit command causes the VI editcr tc te invcked cn 
meememonocrronme monitor. It also brings 47 a program calied 
“vicom on the color monitor. Vicom is a fair of on-line 
help and tutoriel screens, diszpleayed while the user is in 
Mowe Viccm is intended to nelp tne user learn end renemter 


meemeyl editcr. 


1. Vitom 

YVicom is @ mcuse driver hel: aie All selecsticns 
Within it are dcne witn the mouse. 1 Ss wee cee eee 
containing VI editecr commards erd syntéx. Tre firs tees eee 
presented has five eeneral information notes atout tne 
screens and usage. A second miscellanéous notes se€stioaweee 
included on the first ,a&,¢ of commands. They dre jae 
etout syntax notation used cn the screen end some 
precautions acout usirg treme ce 

Commend meenings and syntax are ~resented 1 
PUNCcty ona. sRouTce., The first page contains sroucs foe 
cursor ccntrol. tlexteminserticn ye sc role jeer screen, 
searching for strings, saving end ending a secsicn [ane 
secord Lege has more advenced funetional =arpeuyc: neva 
text, using the buffers, and eX °:° commeards. wWithia eee 
functicnal group one or two basic »eneral j;Urpose commana 
are hishliznted in a different cclor. New users are advised 


in the general information note to Hecrnetgem fier 


- 


—) 


acn functicnal grour is independent of the Gites 
end Trey te diszpleyed ty itself. witnin Gach Lumet 
2POU, are -SUtEroOUuLS , Saint opm on messages erout tae 
Subgroups Way be called cy pointing the moise at a Commer 
and presSing the left tutton. the ten or fewer Tite siiem 
extlanation are distlayed just telow ‘creed Center vee 
exylanaticn ccntains usSseee neotes end additicral Syma 
hye <., ft any, as weil as a reference t9 System 


documentation. 


Two exercise files are on the system; Vie ex, . «end 
VI exe. Tney are designed t2 .vwive a new user mire 
Memeormation abcut VI erd some practice using the ccmmeéends. 
fev expert could 43s the <¢irple exercises in less tzean 
Memery secends, using the quickest methois. A new user 
@emra take half an hour or “more. The lessons are cot 
Meee cJit; cut the second ore has several text editing 
Meee tions that will keep him tusy Ilcoting at the ccmmani 


Sereens. 


Seer STING 

Amiatle is essentially untested; time ran Sat 
Criticisms and comments from six colleagues who used the 
eeeem criefly have teen inccrperated. The system is ready- 
now for some exposure to a less well prepared group. tre 
meets Of that triel ty fire will not only tell whetnrer 


Change is needed, but how nuck. The rewrite is inevitatle. 


a. 


V1. CONCLUST Uns 


Tesisning user interfaces i585 easy. Inplerénting eee 
desien to actommodate the foltles of nmutren teings 15 saa 
Literature on the topic of man-Macnine interiace sige 
abounds in trade journals, textbooxs, hotly Naee7 nese 
literally everywhere. tach author nas a 12w wWOndeTE Ul eee 
to Meke it easy to use computers. There are cnly a Bandi 
cf authors wne speak from experience. Unless an author has 
credentials as a preven interface designer, whe actually 
worked cn the implementation, his ideas are suspect. Given 
time and fman,ower anything can te coded; odut making a? 


ccherent peckegze that works tcreetner 15 a ditrferent ,rotlem. 


Re SPEC ripe Anais hans 

The Eleeest stumtiing ti@e ets vecumer They are 
unpredicteatle. Differences tbtetween two eroups cf peczle 
tret de the sere work in two different offices ca SUo pg 
interface design in its trecks. and none of tre fault sium 
te distovered until the testing starts. deckel has arrived 
at the same conclusions {kef. 9}. The answer is to set 
~rototypes running es Garly as sossitie and -et it to the 
users. Solicit their comments, criticisms and Sustec (ieee 


Then do somethin= eroutetvene 


Eee ec lGN “AINTAINASILIT YIN 


PiGeeeveriace Muste ee destened tc ce ‘chan-eaole. JSE 


Ny 


every modern scftware maintenance technique to meke the 
Mmmermrams Gacy to Change. Modularity is a key here. em Ts) 
Seeecen 15 a4 rodule, CQevemOcltyl ti. Use Screen 1s Treletively 
easy. Witnin the screen module make the layout cne or mere 
G@emules, each ment should ce one Sud-modul®. Lectumtent, 
meemment, docurent! Assure n> cne from tne orizinal project 
Poe Ce aroun? when tne changes must te made. ‘itxolain 
everything. then the new rfeople will only taxe nalf the time 
ieeecock the original grou, te become familiar with the 


materiel. 


MeL EEF ERENT DRUMMERS 

Mimem=eronn thet Sets out te desigea 4 wuser  interfece 
ere 01 4 nave memters from disciplines outside computer 
Beeence. ldeally the grou; should at least have access toe 
CcOgenitive feone nO Lee ast, somecne witao a visual arts 
meekercurd ‘rainter, eTavhic aU el, ure Voete uber. 
cinematcgrazyher, etc.};, and representative users. 

Peeeinver. ace design implementation 15 tco leatege ¢4 
mee ject Pucci le persed, sits tier rou, must te 
responsive and flexible. TLivide the ,rojeztt among several 
members (three tc See edgdee soned@mbe me twihce aS “rock 
Meweolorprent tire as is thought to be necessary. Test at 


Beery O;,ortunity, then rewrite and retest. 


)) 
=) 


neal numan-cemputer interface paskages are never et igieegeam 


an euphemism for finel product 18? #£xeleéase Wem  e 


DS.  EQOCTSTRAY esis. 

The current method cf p,zrcegrammin eg St feensuis sce 
effective use cf resources. TCS much tire 1S Spent See 
cimrple menus, and treir assotiated selectidn modules Sn ee 
screen and running. A program or eYrer,hics €adl Versio meee 
atle tc handle that task with scme develceprnent —27 nw 

A grazhics editer is the second icgical eho eee 
workstation after a word processor. The next project ca the 
SUN work station sneould te a efrazpaics editor capable 
drawing executatle user interface screens. 

The visible result cf an interface desten -roveciam. no- 
wav rezrresents the amount of effort expenied. A mMethodolcgy 
must t2 develored tc speed the rrocess. Present method same 
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